tomycin-resistant and restriction-deficient strain AM511 (36) . L. pneumophila Philadelphia 1 and its derivative Lp01 were kindly provided by Ralph Isberg (Tufts University School of Medicine, Boston, Mass.) and Michele Swanson (University of Michigan Medical School, Ann Arbor). L. pneumophila Lp01 is a streptomycin-resistant variant and a presumptive restriction-minus mutant constructed by conjugative introduction of plasmid pAM40 into this strain and its subsequent curing (4) . Legionella strains were grown either on buffered charcoal yeast extract (BCYE) agar in the standard manner (22) at 37°C in 5% CO 2 or with shaking in buffered yeast extract broth and passaged no more than twice in the laboratory before use as described previously (18) .
Cell lines and culture conditions. HEp-2 cells (ATCC CCL23), established from a human epidermoid carcinoma, were grown at 37°C with 5% CO 2 in RPMI 1640 plus 5% heat-inactivated fetal bovine serum (Gibco) and 2 mM L-glutamine. U-937 cells (ATCC CRL1593.2), a human monocyte/macrophage-like cell line, were maintained in RPMI 1640 plus 10% fetal bovine serum at 37°C. These cells were differentiated with 100 nM phorbol 12-myristate 13-acetate (PMA; Sigma) 48 h prior to use. Acanthamoeba castellanii cells (ATCC 30234), an environmental host for Legionella, were grown at room temperature in M712 broth in 75-cm 2 tissue culture flasks, seeded in 24-well tissue culture dishes (Nunclon) at 2 ϫ 10 5 cells/well for 24 h, washed once with high salt-medium before use, and incubated in this medium for 1 h at 37°C before infection (16, 42) .
Entry and adherence assays. Entry assays were carried out essentially as described previously (15, 16) . U-937 cells were seeded in 24-well tissue culture dishes (Nunclon) at a concentration of 10 6 cells per well with 100 nM PMA and incubated for 48 h at 37°C in 5% CO 2 . HEp-2 cells were seeded in the same dishes at a concentration of 1.5 ϫ 10 6 cells/well and allowed to adhere overnight at 37°C. Cell culture medium was replaced with fresh medium just prior to infection. BCYE agar-grown bacteria were suspended and diluted in the same medium as the cells that were to be infected. Cultures of buffered yeast extractgrown bacteria with an optical density at 600 nm of 0.2 to 0.5 (exponential) or 2.3 to 2.5 (postexponential) were diluted in the same manner. The bacteria were added and incubated with the cells for 30 min (for U-937 cells) and 90 min (for HEp-2 cells) at 37°C, washed with warm phosphate-buffered saline (PBS), and incubated in the appropriate culture medium plus 100 g of gentamicin/ml for 2 h. The cells were then washed twice with PBS and lysed in sterile water. The number of intracellular bacteria was determined by plating for CFU on BCYE. Adherence assays with HEp-2 cells were performed in a similar manner. After adding bacteria to the monolayer, the cells were washed five times and lysed with sterile water. Entry and adherence levels were calculated as % entry ϭ 100 ϫ (CFU of gentamicin-resistant bacteria/CFU of inoculum) and % adherence ϭ 100 ϫ (CFU of cell-associated bacteria/CFU of inoculum). To correct for variation between experiments, entry and adherence are reported relative to L. pneumophila strain AA100, i.e., relative entry ϭ 100 ϫ (% entry of test strain/% entry of AA100).
Intracellular growth assays. The growth kinetics of L. pneumophila in U-937 cells and A. castellanii were determined as described previously (15, 16) . Briefly, bacteria were added to a monolayer of 10 6 cells/well of U-937 cells or A. castellanii in 24-well tissue culture dishes at a multiplicity of infection of 0.1 or 1, respectively, and incubated for 1 h at 37°C. Extracellular bacteria were killed by gentamicin treatment for 2 h, and the cells were washed twice and incubated in fresh medium at 37°C for various times before lysis in water. Survival is expressed as the portion of CFU present at each time compared to that at time zero, T 0 ϭ 1 h of infection plus 2 h of gentamicin treatment, i.e., mean CFU T x /T 0 .
Mouse infections. The virulence of different L. pneumophila strains was examined in A/J and C57BL/6J mice as described previously (15, 17) . C57BL/6J and A/J mice were infected by intratracheal or intranasal inoculation with 10 7 bacteria suspended in PBS. At various time points the lungs were harvested and bacteria in the lungs were quantitated as described previously (5, 15) . Data presented are the means and standard deviations of bacterial counts (CFU per gram of lung) for 12 mice in each experimental group.
DNA manipulations. Chromosomal DNA preparation, isolation of plasmid DNA, and cloning techniques were performed as previously described (17, 51) . Escherichia coli XL1-Blue (Stratagene) and ec47 (18) were used for propagation of plasmids. When necessary, kanamycin was added at 25 g/ml to bacterial media.
PCR analysis. The primers for PCR analysis were designed based on the DNA sequence from L. pneumophila strain AA100 and are summarized in Table 1 . After denaturation of the bacterial chromosomal DNA template at 94°C for 3 min, 30 cycles of PCR amplification were performed. In each reaction 0.1 M (each) primer, 5 mM deoxynucleotide triphosphate mix, 1ϫ PCR buffer, 25 mM MgCl 2 , and 2.5 U of Taq DNA polymerase (Boehringer Mannheim-La Roche) were used.
Southern analysis and colony hybridization. Bacterial chromosomal DNA was cut with EcoRI or PstI and electrophoresed on a 0.8% agarose gel. After electrophoresis, the DNA was transferred to a nylon membrane. Probes were labeled by PCR with digoxigenin, and subsequent steps for both colony hybridization and Southern analysis were carried out by the manufacturer's methods described for the Genius System (Boehringer Mannheim-La Roche). Oligonucleotides used to make the probes are indicated in Table 1 . Hybridizations were carried out at low or high stringency (51) .
DNA sequence analysis. DNA sequence analysis was carried out initially using a forward primer, lac1, GGCACGACAGGTTTCCCGAC, from the plasmid pWKS130 (62) . The sequence was continued by primer walking directly on a cosmid that carries the region of interest. These cosmids were isolated by colony hybridization of an L. pneumophila AA100 total genomic DNA library described previously (18) . All regions described were sequenced completely on both strands using Big Dye Terminator (Applied Biosystems) cycle sequencing and subsequent analysis on an ABI 310 automated sequencing apparatus (Applied Biosystems). Sequence analysis and assembly were carried out using Gene Construction Kit 2 (Textco) and comparison with known sequences using Blast (1). Sequence alignment was done by using Lasergene (DNASTAR II) software.
Phagosome-lysosome fusion. For quantitation of the frequency of lysosome fusion, U-937 cells were seeded on coverslips as described previously (17) , infected for 15 min at 37°C as described for entry assays, washed three times with PBS, and fixed with 4% paraformaldehyde in PBS for 30 min at room temperature. After fixation the bacteria were detected with polyclonal anti-L. pneumophila rabbit antisera (16) and a secondary anti-rabbit Cy2-conjugated antibody (Amersham Pharmacia Biotech), and lysosome-associated membrane protein 1 (LAMP-1) was detected with anti-human LAMP-1 monoclonal antibody (Developmental Studies Hybridoma Bank, University of Iowa, Iowa City) and a secondary anti-mouse Cy5-conjugated antibody (Amersham Pharmacia Biotech). All antibody incubations and washes were carried out as described previously (16) . Dual images of labeled coverslips were captured on a Bio-Rad MRC1024ES confocal microscope and analyzed using Adobe Photoshop.
Statistical analysis. All in vitro experiments were carried out in triplicate and repeated at least three times. The in vivo experiments were carried out with 12 mice per experimental group. The significance of the results was determined by analysis of variance. P values of Ͻ0.05 were considered significant. Fig. 1 . Region corresponds to the gene that the oligonucleotide is located within, 5Ј of (upstream) or 3Ј of (downstream).
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Nucleotide sequence accession number. The nucleotide sequences determined in this study have been deposited in GenBank with accession numbers AF410854 (lvh region) and AY053454 (tra1 region).
RESULTS
Identification of new genes involved in type IV secretion. We have recently identified several loci that confer enhanced entry on wild-type L. pneumophila strain AA100 (18) . Adjacent to one of these regions, a locus was identified that is predicted to encode proteins similar to components of a type IV secretion system and was designated tra1. Since the original construct is noncontiguous, we examined whether the tra1 and entry locus are contiguous on the L. pneumophila chromosome. PCR analyses in these regions demonstrated that tra1 and the entry locus are on different noncontiguous L. pneumophila chromosomal fragments, separated by a Sau3AI site (data not shown). A contiguous cosmid containing the L. pneumophila tra1 locus was isolated by colony hybridization of a total genomic DNA library from strain AA100 (18) and used for sequence analysis of the entire locus. We determined the nucleotide sequence of both strands of a 4,949-bp EcoRI fragment from this cosmid containing the tra1 region (Fig. 1) . The guanine-plus-cytosine content of this fragment is only slightly lower (37.6%) than that of the L. pneumophila chromosome (39%). Six putative open reading frames (ORFs) were identified with similarity to Tra-HIJKLM proteins of R751 and RP4 plasmids of Enterobacter aerogenes and E. coli, respectively ( Table 2 ). Both of these plasmids belong to the IncP incompatibility group (43, 59) . These genes are organized as two putative operons that appear to be divergently transcribed from a 398-bp intergenic region where a potential origin of transfer (OriT) is located (Fig. 1B) . A similar divergently transcribed organization is found in IncP plasmids (43, 59, 68) . The nick region of the putative OriT is highly conserved and conforms to the consensus YAWCYTG, commonly found in IncP plasmids, some phage, and origins that replicate by a rolling-circle mechanism (43) . We also identified an imperfect 19-bp inverted repeat sequence (Fig. 1B) that is thought to be recognized by TraJ, allowing initiation of the DNA transfer process during conjugation (43) .
We recently identified another type IV secretion locus during the isolation of a gene, designated enhD, involved in entry by L. pneumophila strain AA100 (D. A. Ridenour et al., unpublished observations). This type IV secretion locus has also been identified by another laboratory through sequence analysis of the L. pneumophila strain JR32 genome and designated lvh (53) . The L. pneumophila lvh locus contains 11 genes that encode homologues of the A. tumefaciens Vir virulence proteins, designated lvhB2-B11 and lvhD4 (53) . Upstream of these genes are three genes, lvrA, lvrB, and lvrC, that do not encode proteins with similarity to the Vir proteins, and it has been proposed that they play a role in regulation of type IV secretion. Most of the lvh locus from L. pneumophila strain AA100 is nearly identical to that previously sequenced from strain JR32. However, no similarity exists at the nucleotide level between these two L. pneumophila strains in the upstream region, beginning within lvrA (Fig. 1C) . The first putative ORF upstream of lvrA in strain JR32, which would be transcribed in the opposite direction, is similar to lambda repressor cII (53) and the putative cI repressor from the E. coli O157:H7 prophage CP-933V (27% identity and 40% similarity; accession no. AE005443) at the amino acid level over the entire protein.
In the case of strain AA100, a similar ORF exists and is most similar to the JR32 ORF (35% identity and 56% similarity) at the amino acid level with no similarity at the nucleotide level. Interestingly, the AA100 ORF is more similar to the phage P22 repressor protein C2 (27% identity and 42% similarity; accession no. V01153) than it is to the cI repressor from the E. coli O157:H7 prophage CP-933V (24% identity and 40% similarity). Based on these similarities, we have designated this ORF prpA, for putative phage repressor. These observations suggest that the sequence divergence between strains AA100 and JR32 observed within and upstream of lvrA is due to a recombination event between two related phage. Three additional putative ORFs were identified near prpA that encode proteins with similarity to OrfU of Erwinia amylovora (44% identity and 71% similarity over 185 amino acids [aa]; accession no. AF083877_5), HsdR of Helicobacter pylori (29% identity and 47% similarity over 947 aa; accession no. AE001565), and RecG-related protein of Deinococcus radiodurans (27% identity and 39% similarity over 350 aa; accession no. AE002053_3).
Presence of putative virulence loci in different L. pneumophila strains. Since differences were observed in the lvh region of L. pneumophila strains AA100 and JR32, we investigated whether other genetic differences exist that may be related to pathogenesis. We first examined the presence of the tra1 locus in AA100, JR32, and Lp01 by PCR analyses using six different sets of oligonucleotides that produce a specific product in (Fig. 2 ). These oligonucleotides were tested under different annealing temperatures and template concentrations, but only those within traHI (O4R and O5) result in an apparently specific single band for JR32. The potentially specific band obtained with JR32 is 100 bp larger than that obtained with strain AA100, suggesting that it may be nonspecific. In order to test this possibility we sequenced the product and found that it contains at least two and possibly more sequences, resulting in multiple overlapping bands in sequencing gels (data not shown). Thus, none of the oligonucleotide pairs within the tra1 locus produce a specific product in JR32 or Lp01 by PCR. These data suggest that the entire tra1 locus is not present in either JR32 or Lp01. In order to confirm the absence of the tra1 locus in these strains, we carried out Southern analysis with probes specific for this region from strain AA100. In addition, we examined differences in the lvh, rtxA, and enhC loci in AA100, JR32, and Lp01 by Southern analysis (Fig. 3) . Under low-stringency conditions, all tra1 probes hybridized to a single DNA fragment in AA100 but did not hybridize to DNA from JR32 or Lp01. Both Southern and PCR analyses indicate that the tra1 locus is absent from JR32 and Lp01. As expected from sequence analyses, JR32 has the lvh locus by Southern analyses. In addition, the probe just upstream of lvrA, P1, does not hybridize to JR32 even at low stringency, confirming the sequence divergence from AA100 in this region. Interestingly, DNA from strain Lp01 does not hybridize to any of the four probes from within the lvh locus of AA100, indicating that this locus is also absent. This is a particularly surprising observation since Lp01 and JR32 are thought to be derived from the same epidemic and thus would be expected to be very closely related strains. The passage histories of strains Lp01 and JR32 are different and may have resulted in the acquisition of some genetic differences. This is particularly important since both strains were separately selected for streptomycin resistance and restrictionminus phenotypes (4, 36) . We examined the parental strain of Lp01 for the presence of the lvh and tra1 loci by PCR. Although the lvh locus was present in this strain, the tra1 locus was not (data not shown). Possibly, the lvh locus was lost from the Lp01 parental strain during the selection for a restrictionminus phenotype, since the upstream region appears to carry hsdR and potentially other components of a restriction system. Interestingly, AA100 displays two bands that hybridize to the probes P3 and P4 from the downstream genes, lvhB9 and lvrE of the lvh region. This observation suggests that there may be at least some components of another type IV secretion system in AA100. This second band is not observed in JR32 or Lp01. The enhC and rtxA loci that have been associated with entry and virulence of L. pneumophila (17, 18) are present in both JR32 and Lp01. However, the amino-terminal probe for rtxA does not hybridize to either JR32 or Lp01, suggesting that there is significant sequence divergence in the amino terminus of this gene, similar to that observed within lvrA of the lvh locus. Thus, the lvh, enhC, and rtxA loci are present in the three L. pneumophila strains examined, though the parental strain of Lp01 appears to have lost lvh during manipulation in the laboratory. In contrast, the tra1 locus is present only in strain AA100, suggesting that it is not required for pathogenesis. Correlation of putative virulence loci with disease. In order to further examine the importance of these loci in the production of disease by Legionella, we examined the presence of these loci in a number of clinical and environmental isolates. We carried out Southern analyses using the conserved regions of the tra1, lvh, rtxA, and enhC loci. Examples of some of the data obtained are shown in Fig. 4 , and the complete data are summarized in Table 3 . There was no correlation between the presence of the tra1 locus and the ability to cause disease, since 70% of the disease-associated isolates do not carry this locus. The enhC locus was present in all Legionella isolates, irrespective of their association with disease, suggesting that it is essential for the ability of the bacteria to survive and/or replicate in the environment. Since we have previously constructed an L. pneumophila strain with an in-frame deletion in this gene, it is not essential under laboratory growth conditions (18) . Both the presence of the lvh locus and that of the rtxA locus correlate with the ability to cause disease in humans (P Ͻ 0.01). Since the genetic differences that we observed among AA100, JR32, and Lp01 may be related to their ability to cause disease, we examined these strains for differences in their interactions with host cells.
Differences in adherence and entry. We have previously found that the mechanisms of L. pneumophila adherence and entry correlate with virulence in animal models (15, 17) . In addition, studies indicate that the abilities of Lp01 to enter host cells and express other virulence-associated characteristics depend upon its stage of growth in liquid medium (11) . Thus, we examined the adherence and entry of AA100, JR32, and Lp01 strains to monocytes and epithelial cells and the effects of 
a Associated (ϩ) or not (Ϫ) with disease in humans. b ϩ, presence of the locus; Ϫ, absence of the locus; ND, not determined. c In contrast to Lp01, the parental strain of Lp01 was positive for lvh and negative for tra loci by PCR. (Fig. 5 ). Adherence to epithelial cells by plate-grown bacteria is lower with JR32 and Lp01 than with AA100 (P Ͻ 0.01), though the levels of adherence are lower for Lp01 than for JR32 (P Ͻ 0.01). Entry into both monocytes and epithelial cells is lower for JR32 and Lp01 than for AA100 when grown on solid media (P Ͻ 0.01). In addition, both JR32 and Lp01 enter monocytes and epithelial cells at either the same levels as or lower levels than that of AA100 when grown in liquid media, with the exception of post-exponential-phase bacteria into monocytes, where both strains enter at higher levels (P Ͻ 0.01) than that of AA100. However, even under this growth condition, where the highest levels of entry are obtained for Lp01, they are similar to those seen for plate-grown AA100. Interestingly, entry into epithelial cells and monocytes by AA100 is not enhanced but reduced (P Ͻ 0.03) by post-exponential growth in liquid media, and entry of JR32 is not significantly affected by growth phase in epithelial cells but is enhanced in monocytes. Although these observations confirm results from previous studies regarding the effects of growth phase on entry of strain Lp01 (11), they suggest that there are significant differences in the efficiency and potentially the mechanisms of adherence and entry by different L. pneumophila serogroup 1 strains, JR32 and AA100. Intracellular survival and replication. Since differences in the mechanisms of L. pneumophila adherence and entry correlate with the ability to survive and replicate in host cells (15, 17) , we examined growth of AA100, JR32, and Lp01 in monocytes and amoebae. We found that AA100 and JR32 survive and replicate equally well in both monocytes and amoebae, whereas Lp01 is both killed more readily at early time points and replicates more slowly (P Ͻ 0.01) in both cell types (Fig.  6 ). All three strains are killed more efficiently by amoebae than by monocytes during early time points, suggesting that amoebae are more bactericidal for L. pneumophila than are human monocytes. Interestingly, Lp01 exhibits only a 12-fold increase in CFU over 72 h in amoebae compared with the typically greater-than-10,000-fold growth of AA100 and JR32. These data indicate that, while the genetic differences between AA100 and JR32 affect adherence and entry, they do not affect intracellular survival and replication in vitro, whereas these or potentially other genetic differences significantly impact the intracellular survival and replication of strain Lp01.
Intracellular trafficking. Since inhibition of lysosome fusion with the bacterial phagosome is thought to be important for survival of L. pneumophila (32) , it is possible that the differences that we observed in intracellular survival are related to trafficking. The presence of LAMP-1, a membrane glycoprotein found in lysosomes and late endosomes, in phagosomes has been widely used to indicate fusion with lysosomes (12, 46, 50, 58) . Thus, we compared the frequencies of colocalization of this lysosomal marker with the bacterial phagosome in cells infected with AA100, JR32, and Lp01 (Fig. 7) . At the early time point, 1 h after addition of the bacteria, both JR32 and Lp01 display slightly higher frequencies of lysosomal fusion than that of strain AA100. Interestingly, whereas the frequency of lysosomal fusion for JR32 is similar to that of AA100 at 2 h, the frequency of fusion for Lp01 is even greater than that at 1 h and more than twofold that of AA100 at the same time point. These data indicate that the differences in intracellular survival observed for strain Lp01 may, at least in part, be related to differences in the ability to inhibit lysosomal fusion. The higher frequencies of fusion for strain JR32 only at early time points may be responsible for at least a portion of the differences measured for entry, since the bacteria must survive intracellularly in order to be quantitated with CFU-based assays. It would be interesting to determine whether these differences in trafficking are the result of the mechanism of entry used or a separate defect that affects events immediately after uptake.
Differences in survival and replication in mice. In order to test whether the genetic and phenotypic differences observed in vitro correlate with differences in the ability to survive and replicate in vivo, we examined the ability of AA100, JR32, and Lp01 to infect mice. We used A/J mice, which are thought to be susceptible to infection by L. pneumophila (9) , and C57BL/6J mice, which are thought to be relatively resistant to infection with L. pneumophila (66) , for these studies. Although the initial numbers of bacteria are similar for all three bacterial strains in both A/J and C57BL/6J, Lp01 does not replicate in mouse lungs as well as does AA100 or JR32 after either intranasal or intratracheal inoculation (Table 4) . Interestingly, JR32 replicates in a manner similar to that of AA100 when inoculated intranasally but does not replicate as well after intratracheal inoculation. This difference may be at least partially due to differences in the bacterial load, since the numbers of initial CFU in the lung are 100-fold lower after intranasal inoculation than after intratracheal inoculation. Overall, these data indicate differences in the growth of these strains in mice that correlate well with the genetic and phenotypic variations observed.
DISCUSSION
Pathogenesis involves the ability to interact with host cells and tissues in a manner that allows avoidance of host defenses, survival, and replication (26, 27) . Many of the bacterial factors involved in this process are not required and often not expressed in other growth environments including laboratory media (20, 39, 40) . Since they are not required, mutations in these genes can accumulate or the genes may be lost upon passage in the laboratory. This phenomenon is particularly problematic in the case of L. pneumophila, where multiple passage on laboratory media results in the complete loss of virulence (25, 38) . Thus, it is critical that the passage history of the L. pneumophila strains involved be well understood when analyzing data obtained from pathogenesis studies. In the present study, we examined genetic differences among three commonly studied L. pneumophila strains, AA100, JR32, and Lp01. In addition to differences at the genetic level, these strains also differ in a number of phenotypic characteristics that are likely to be important for their ability to cause disease. This is the first description of any differences among these important laboratory strains, which may have been considered nearly identical isolates of L. pneumophila serogroup 1. These data indicate that observations made with a particular strain of L. pneumophila may not be directly applicable to all other strains. Therefore, it is important to compare multiple strains of L. pneumophila prior to making concrete conclusions regarding the more subtle aspects of pathogenesis and gene regulation.
One of the loci present in L. pneumophila strain AA100 but absent from JR32 and Lp01 is the tra1 locus, which contains genes involved in type IV secretion. Type IV secretion systems are built from core components of conjugation machinery (14) . The tra1 locus is a new example to add to the growing list of these components in L. pneumophila and other bacteria (13, 14, 19) . Interestingly, we found that this locus is present in only approximately 30% of the Legionella strains examined, and there is no significant correlation with the ability to cause disease. These observations may indicate that the tra1 locus is not required for pathogenesis. However, an E. coli mutant with a mutation in traJ, an F ϩ plasmid regulatory gene, is less invasive and less able to cause meningitis in the neonatal rat than is the wild type (2). In addition, an L. pneumophila mutant with a mutation in traA, involved in DNA processing during conjugation, does not replicate in amoebae and macrophages (44) . Since this and other loci involved in type IV secretion affect L. pneumophila virulence (45, 52, 61) , examination of a larger number of Legionella strains for the presence of this locus as well as evaluation of the effects of a specific tra1 mutant are mandated to clarify its role, if any, in pathogenesis.
The L. pneumophila lvh locus is present primarily in strains associated with disease, which suggests a role in pathogenesis that could be related to the observed differences in levels of virulence. This locus is present in AA100 and JR32 but absent from Lp01; thus, the loss of this locus may account for at least a portion of the reduced virulence-associated phenotypes observed with Lp01. Our data suggest that the lvh locus may have been lost from this strain during selection for a restrictionminus phenotype. This hypothesis could be tested by transforming Lp01 with this locus and evaluating the resulting strain's restriction and virulence phenotypes. Since strain Lp01 inhibits lysosomal fusion even in the absence of the lvh locus (35, 50, 57) , though to a somewhat lesser extent than does strain AA100, other bacterial factors are most likely involved in the prevention of lysosomal fusion. Since type IV secretion systems are thought to be involved in the proper trafficking of L. pneumophila (14, 35, 50) , Lp01 offers the opportunity to examine the factors involved in the absence of background inhibition of phagolysosome fusion that might result from the presence of two type IV secretion systems. It is unclear exactly why the upstream region of the lvh locus is different in AA100 than in JR32 and whether this difference affects virulence. It appears that a recombination event within the lvrA genes of two related phage produced this variation, but the time frame for this event and its importance in virulence are unclear without the characterization of this region in a number of different strains. Insight into how this region is acquired by L. pneumophila may be gained by the identification of the other recombinational junction and the site(s) for integration of this putative prophage. In addition, analysis of mutations in the other genes carried by this putative phage may be worthwhile, since this region appears to correspond to at least a portion of a potentially transferable pathogenicity island (6, 30, 31) , which often contains a number of important virulence determinants.
The rtxA and enhC loci are present in all three L. pneumophila strains examined, but only the rtxA locus correlates with the ability to cause disease in humans. These data fit well with our observations that this locus is important for entry into host cells and virulence in mice (17, 18) . Variability in the aminoterminal portion of rtxA was observed, but the nine amino acid repeats associated with host cell binding and activity of RTX proteins (63) are present in the carboxy-terminal region and conserved in all three strains. Although the enhC gene has been shown elsewhere to play a role in entry into host cells (18) , its exact function in uptake remains unclear. The presence of this gene in all Legionella strains, regardless of their association with human disease, suggests that this locus is important for the ability of these bacteria to survive and/or replicate in the environment. Possibly, this gene is required for proper entry into and survival within protozoa, which are thought to be the primary hosts for Legionella in the environment. This concept implies that loci that correlate with disease in humans may not be absolutely necessary for survival and replication in protozoa but increase disease symptoms in humans sufficiently to cause infections to present clinically, rather than allowing natural recovery in the absence of intervention.
In conclusion, these studies report genetic variability in three important L. pneumophila serogroup 1 strains, AA100, JR32, and Lp01, commonly used for genetic analysis of pathogenesis. In addition, we report significant differences in several virulence-associated phenotypes in these strains. Although all three strains have the ability to adhere to, enter into, inhibit lysosomal fusion in, and replicate within monocytes as well as replicate in both resistant and susceptible mouse strains, they vary in the degree of their ability to accomplish each step in the infection process. Furthermore, the regulation of entry into host cells under different growth conditions also differs between these strains. These differences should be taken into consideration when analyzing data generated from different laboratories and may have important implications in interpretation of the results obtained. Total genomic analysis of each of these strains should lead to identification of the molecular basis for these differences and is likely to greatly improve our understanding of Legionella pathogenesis.
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